BACKGROUND: Various indices for estimating insulin sensitivity, based on glucose tolerance test and fasting insulin levels, have been devised. However, they are laborious, time-consuming, and costly. Recently, a new index, single point insulin sensitivity estimator (SPISE) based on TG, high-density lipoproteins (HDL), and body mass index (BMI) was proposed in the European population and was found comparable to gold standard test. Decreased insulin sensitivity is a hallmark of metabolic syndrome (MetS). Hence, the current study was planned to determine the optimal cutoff of SPISE with high sensitivity and specificity in MetS patients of the North Indian population.
Introduction

M
etabolic syndrome (MetS) consists of a constellation of metabolic abnormalities that confer increased risk of cardiovascular diseases (CVDs) and type II diabetes. A meta-analysis found that MetS was associated with relative risk of 2.99 and 1.65 for developing type II diabetes and CVD, respectively.
[1] National Health and Nutrition Examination Survey (NHANES) reported the age-adjusted prevalence of MetS between 2009 and 2010 at 22.9%, for United States population. [2] ICMR-INdia DIABetes study (2008) (2009) (2010) (2011) reported a prevalence of 16.7%-41.7% in urban and 8.5%-25.8% in rural areas in India. [3] The prevalence of MetS is on the rise. The chief pathophysiological mechanism of MetS is reported to be resistance to insulin-stimulated glucose uptake, i.e., decreased insulin sensitivity. [4] Various methods are available for measuring insulin sensitivity. Euglycemic hyperinsulinemic clamp test based on glucose infusion is gold standard for the measurement of insulin sensitivity. [5] However, hyperinsulinemic clamp test is very complicated, laborious, uncomfortable for a patient, and expensive. Thus, relatively less labor-intensive and less-expensive indices based on glucose tolerance tests have been developed as surrogate measures of insulin sensitivity such as minimal model sensitivity index, calculated sensitivity index, and Matsuda composite insulin sensitivity index (ISI). [6] [7] [8] However, these tests require multiple sampling and hence are inconvenient. Simpler approaches employing single fasting sample, such as homeostasis model assessment-insulin resistance (HOMA-IR) and quantitative insulin sensitivity check index (QUICKI), have been developed, but these indices require insulin estimation, which is a costly parameter and lacks universal availability. [9, 10] Triglycerides/high-density lipoproteins cholesterol ratio (TG/HDL-C) was introduced as an affordable tool for estimating IR with the advantage of universal availability and cost-effectiveness. [11] However, it was shown to lack specificity and showed high variability with respect to different populations. [12] Hence, there is an impending need to develop a less costly, simple, and specific index for the measurement of insulin sensitivity, especially in resource-poor countries like India. Paulmichl et al. refined the TG/HDL-C ratio and introduced an index, single point insulin sensitivity estimator (SPISE) as a promising tool for estimating IR based on single fasting sample for TG, HDL-C, and body mass index (BMI). [13] SPISE was devised using computer-assisted mathematical modeling of their study population data. Multiple mathematical models were compared to M-value derived from euglycemic hyperinsulinemic clamp test. Each modeling result was scored by correlation coefficient with M-value and identification of IR. The proposed model described as SPISE showed moderate-to-strong positive correlations in the studied population. They also analyzed area under the receiver operating characteristic (ROC) curve for various insulin sensitivity indices and used M-value of <4.7 mg/kg / min as the definition of higher IR.
[13] SPISE showed comparable results to HOMA-IR and QUICKI and significantly better results than TG/ HDL-C ratio. A cutoff value of 6.61 for SPISE index was proposed for their population, smaller values indicating IR. [13] However, this cutoff was based on the study in the European population by investigating healthy adults and obese adolescents. Indian population belongs to a different ethnicity so much so that National Cholesterol Education Program (NCEP) guidelines defining MetS have been modified for South Asians, whereby the cutoff of waist circumference is lowered. [14] Furthermore, we as a developing country cannot afford expensive investigations for IR. Moreover, MetS patients whose hallmark is IR were not included in Paulmichl et al.'s study. Hence, the current study was planned to determine optimal cutoff of SPISE with high sensitivity and specificity in MetS patients of the North Indian population.
Materials and Methods
A community-based, observational cross-sectional study was carried out from September 2015 to August 2016 at the Department of Biochemistry, of a tertiary care teaching hospital in North India. Ethical approval for the project was taken from institutional ethical committee and written informed consent was taken from all the participants.
Selection of subjects
The sample size was calculated by the following formula as described by Hajian-Tilaki [15] and was estimated to be 229:
where "n" is sample size, "Sp" ascertained by previous published data, 80%; [13] "d" is degree of precision, 6%; "prev" is prevalence of MetS, 25%; [3] and for α = 0.05, Z  2 is inserted by 1.96.
It was a convenient sampling method. Volunteers >18 years from AIIMS staff (doctors, nurses, and technical and clerical staff), banks, and schools of Rishikesh were enrolled.
MetS was defined according to the South Asian Modified NCEP criteria where three of the five risk factors are present: enlarged waist circumference ≥90 cm in men and ≥80 cm in women, TG ≥150 mg/dL or drug treatment for elevated TG, HDL-C <40 mg/dL in men and <50 mg/dL in women, systolic blood pressure (BP) ≥130 mmHg or diastolic BP ≥85 mmHg or drug treatment for elevated BP, and fasting glucose >100 mg/dL or drug treatment for elevated glucose. [14] Individuals with Cushing syndrome, hypothyroidism, secondary hypertension, type 1 diabetes, hepatobiliary disease, nephritic syndrome, or pregnancy were excluded from the study. Finally, a total of 477 individuals were selected.
Methods
For each subject, demographics such as age, gender, residential address, ethnicity, level of education, and household income and medical history were documented. Furthermore, BP, height, weight, waist circumference, and hip circumference were measured, and BMI was also calculated.
Four milliliters of the venous blood was collected from each subject: 2 ml in a Na-fluoride vacutainer for glucose, and 2 ml in a plain vacutainer for lipid profile.
Fasting blood sugar (FBS), TG, and HDL-C were measured on an AU5800 Clinical Chemistry Automated System (Beckman Coulter, Inc.), by hexokinase, glycerol phosphate oxidase-peroxidase, and enzymatic inhibition method, respectively. Quality control samples provided by the Beckman Coulter were used for routine quality control check on the autoanalyzer. When internal quality check was found to be satisfactory, then only study subject's samples were analyzed.
The cohort was then grouped into MetS (n = 229) and non-MetS (n = 248).
SPISE index was calculated for both the groups using the following formula: [13] SPISE = 600 × HDL-C 
Statistical analyses
All the statistical analyses were performed using SPSS (v 22; SPSS Inc., Chicago, IL, USA). Data were represented as mean ± standard deviation. The mean value of SPISE was compared between cases and controls using Student's t-test. ROC curve was plotted for area under the curve (AUC) to assess the discriminatory ability of SPISE to differentiate between MetS cases and controls and to determine the optimal cutoff value of SPISE index for MetS. Whole cohort was regrouped into SPISE above and below the cutoff. These groups were then compared for various factors responsible for MetS, viz., waist circumference, BMI, systolic BP, diastolic BP, TG, HDL-C, and FBS by Student's t-test. P < 0.05 was considered statistically significant.
Results
A total of 477 subjects were investigated in our study, consisting of 229 cases of MetS and 248 controls. The age of the cases ranged from 21 to 78 years and that of controls ranged from 18 to 78 years. Details of data on age, gender, and anthropometric and biochemical parameters of cases and controls are shown in Table 1 .
The mean value of SPISE index was found to be significantly lower in MetS patients (5.35 ± 1.35) than that for controls (7.45 ± 2) with P < 0.05 (confidence interval [CI]: 1.79-2.41).
ROC curve between true-positive rate and false-positive rate showed AUC for SPISE index to be 0.83 (P < 0.05, CI: 0.79-0.86) [ Figure 1 ].
By studying coordinates of ROC, the cutoff value of SPISE index for predicting insulin sensitivity in MetS was found out to be 5.82, with sensitivity and specificity of 73% and 80%, respectively. Further, on grouping individuals on the basis of cutoff value of SPISE 5.82, as described in Table 2 , it was found that waist circumference, BMI, systolic BP, diastolic BP, TG, and FBS were significantly higher in SPISE index <5.82 group as compared to those in SPISE index ≥5.82 group. However, HDL was significantly lower in SPISE index <5.82 group as compared to that in SPISE index ≥5.82 group. This shows that SPISE index 5.82 gives good demarcation between the two groups.
Discussion
With the rising prevalence of MetS and its known association with increased risk of type II diabetes mellitus and CVD, it is of paramount importance to identify these cases at earliest. Any biomarker/index that can predict IR in MetS early can be a potential aid in assessing the severity of MetS.
Although various indices based on glucose tolerance test and fasting insulin levels have earlier been devised, they are laborious, time-consuming, and costly. [6] [7] [8] [9] [10] TG/HDL-C ratio was devised two decades earlier and was proven to be a simple and effective index in predicting IR. [11] However, it showed to lack specificity and showed variable results in different populations. [12] Paulmichl et al. recently devised an index, SPISE, based on TG, HDL-C, and BMI and showed it to be comparable to the gold standard euglycemic hyperinsulinemic clamp test and insulin-based HOMA-IR and QUICKI indices for IR in the European population of healthy adults and obese adolescents. [13] However, there is no such study reported in our population. Hence, we conducted this study on North Indian population where we compared SPISE in patients of MetS from that in controls. An AUC of 0.83 was found by ROC curve, which is statistically significant (P < 0.05, CI: 0.79-0.86), showing SPISE to have good predictive ability to discriminate MetS cases from controls. Further, we evaluated an optimal cutoff at which SPISE shows high sensitivity and specificity. We observed at a cutoff value of 5.82 SPISE showed a sensitivity of 73% and a specificity of 80%. This cutoff of SPISE is much lower than that of European population where Paulmichl et al. found a SPISE cutoff value of 6.61, at corresponding specificity. This signifies that our population has higher IR, i.e., decreased insulin sensitivity. This is also shown by a previous study conducted by Petersen et [16] Higher prevalence of IR in India could be ascribed to susceptibility of Indians for developing truncal obesity, intra-abdominal fat and ectopic fat deposition (liver fat), urban habits, and limited physical activity. [17, 18] Biologic basis for this has been hypothesized to be a thrifty gene in Indians that helped survival in the past under conditions of nutritional scarcity that has now become detrimental in conditions of plentiful food and sedentary lifestyle. [19] In our study, when we further compared the two groups formed using SPISE equal to 5.82 as cutoff value for diagnosing MetS, we found that waist circumference, BMI, systolic BP, diastolic BP, TG, FBS, and HDL-C showed a significant difference. This further enhances the significance of SPISE as a diagnostic marker for MetS. Hence, our study has shown SPISE to possess high sensitivity and specificity for predicting severity of MetS. This is a very interesting finding as SPISE index can be considered as a potential low cost routinely available simple index, requiring a single sample that can be calculated in most of the laboratories of our country.
However, there are certain limitations to our study which need to be acknowledged. Our study was a cross-sectional having limitations inherent to its design. In addition, our study population is limited to only one region. Moreover, performance of SPISE index in comparison with the gold standard euglycemic hyperinsulinemic test is lacking. Therefore, we propose large-scale studies with population samples involving different regions of India to be conducted and validating SPISE in comparison with gold standard test, as a diagnostic marker of MetS.
Conclusion
We propose SPISE index as a useful potential low-cost indicator with high sensitivity and specificity for predicting MetS in the Indian set-up, with limited resources and higher prevalence of IR.
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